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Identification of a chemical as a human
carcinogen usually comes from epidemio-
logical studies, which are frequently initiat-
ed and/or confirmed by experiments with
laboratory animals. Forsome time now, we
have relied heavily upon the rodent bioas-
say to assess the potential hazards ofchem-
icals in humans. This assay, although of
great value, is expensive, requires 3-4 years
Table 1. Prediction setof44 chemicals
No. Chemical
1 Amphetamine sulfateb
2 NaphthaleneC
3 Polysorbate 80c
4 Promethazine HCIb
5 Resorcinolb
6 g-Butyrolactone
7 Manganese sulfate monohydrate
8 Monochloroacetic acid
9 p-Nitrophenol
10 Tricresyl phosphate
11 o-Benzyl-*pchlorophenolC
12 2,2-Bis(bromomethyl)-1,3-propanediol8
13 t-Butyl alcohol"
14 3,4-Dihydrocoumarin
15 Ethylene glycolb
16 Mercuric chloridec
17 Methylphenidate HCIC
18 Theophyllinea
19 4,4'-Thiobis(6-t-butyl-m-cresol)b
20 TriamtereneC
21 Diphenylhydantoin
22 Pentachloroanisole
23 Chloramine
24 4,4'-Diamino-2,2'-stilbenedisulfonic acid
25 Methyl bromide
26 p-Nitrobenzoic acidc
27 Sodium azideb
28 Tris(2-chloroethyljphosphatec
29 Cl Direct blue 218
30 Cl Pigmentred 3b
31 Cl Pigmentred 23c
32 2,4-Diaminophenol 2HCIC
33 4-Hydroxyacetanilidec
34 Salicylazosulfapyridinea
35 Titanocene dichloridec
36 Cl Acid red 114b
37 Cl Direct blue 15b
38 Coumarin
39 2,3-Dibromo-l-propanolb
40 3,3'-Dimethylbenzidine 2HClb
41 HCYellow4c
42 p-Nitroanilinec
43 o-Nitroanisoleb
44 1,2,3-Trichloropropaneb
to provide results and, consequently, per-
mits the testing ofonly a handful ofchem-
icals each year. We also have available a
host of predictive methods which draw
upon various kinds ofinformation and test
results, including standardized short-term
in vivo biological assays, physicochemical
properties of chemicals, disposition and
metabolism studies, subchronic organ toxi-
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city studies, structure-activity relation-
ships, and rules generated by either human
expert intuition or computer-learning
methods. Can we effectively use this
knowledge to decrease our dependence on
the 2-year rodent bioassay, prioritize those
chemicals for which the bioassay would
still be desirable, and still adequately pro-
tectpublic health?
An International Workshop on Pre-
dicting Chemical Carcinogenesis in Ro-
dents was convened to address these ques-
tions. The workshop was held at the
National Institute of Environmental
Health Sciences, Research Triangle Park,
North Carolina, 24-25 May 1993. Ap-
proximately 150 people attended thework-
shop, including participants from the
United Kingdom, France, Italy, andJapan;
their interests ranged from active involve-
ment in the predictive process to a desire
for a more basic understanding of the
mechanisms ofcarcinogenesis.
The foundation for the workshop was
provided by a publication of Tennant et
al. (1) that made prospective predictions
on the potential rodent carcinogenicity of
44 chemicals (Table 1) that were then in
the process ofbeing tested by the National
Toxicology Program (NTP). Tennant et
al. used a variety of different kinds of
information including mutagenicity, toxic-
ity, and subchronic pathology for the pre-
dictive process and proposed that the NTP
bioassay be used as an experimental tool
for validating predictive methods. The
editor of Mutagenesis then invited other
investigators to make predictions on the
same set of 44 chemicals, using whatever
factors, assay systems, or programs they
deemed appropriate. This invitation
resulted in the peer-reviewed publication
of predictive papers from seven additional
groups (2-8), as well as the informal com-
munication of two other sets of predic-
tions.
A major goal of the workshop was to
evaluate the state ofthe art ofprediction of
rodent carcinogenesis, induding an exami-
nation of the strengths and limitations of
the different predictive methods. The
question ofwhat types ofadditional infor-
mation could improve the predictive
process was a recurring theme at the con-
ference. Of equal importance was a con-
sideration of the strengths and limitations
ofthe NTP bioassay, the ultimate standard
for evaluating predictive methods. Finally,
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8Bioassay incomplete atthetime oftheworkshop.
bChemicalswith high agreement among thepredictions and unambiguous bioassayresults.
CChemicals with poor agreement amongthe predictions and weakpositive orequivocal bioassay results.
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it was suggested that the cumulative infor-
mation derived from the various predictive
methods could be incorporated into the
process of selecting chemicals for the 2-
year rodent bioassay.
Two-year bioassay results for 40 ofthe
44 chemicals in the prediction experiment
were available at the time ofthe workshop,
and it was considered unlikely that the
results from the 4 additional chemicals
(Table 1) would significantly influence the
general conclusions. It was apparent from
the start of the workshop that there was a
substantial number of chemicals (14) for
which there was overall agreement among
the predictions and the unambiguous 2-
year bioassay results (Table 1). This group
included bioassay results that were either
positive (trans-species or multiple site) or
negative. Bioassay results that were indica-
tive of weak (single site, single species) or
equivocal carcinogenic activity were poorly
correlated with many of the predictive
methods. This group contained 15 chemi-
cals with highly diverse structural and bio-
logical properties (Table 1). It was also
determined that the 40 chemicals exam-
ined, were, in most ways, representative of
the complete NTP database of450 chemi-
cals. A possible exception to this was the
somewhat higher percentage of equivocal
bioassay results among the 40 chemicals
than that seen in the more comprehensive
NTP database.
On the whole, the human expert ap-
proach performed best, and it would
appear that the more extensive and varied
the information base used, the more accu-
rate the predictive process. Approaches
attempting to predict carcinogenesis pri-
marily from chemical structure, while
ignoring a cross-section ofbiological infor-
mation, did not perform as well. A possible
exception to this generalization was the
method that exclusively used experimental-
ly determined electrophilicity (ke) as a pre-
dictor. It did surprisingly well, perhaps
because electrophilicity itself may be a
measure of metabolic reactivity. It was
suggested that some of the predictive sys-
tems would perform better if the results
generated by the computer were to be eval-
uated by a human expert.
Several speakers analyzed the types of
problems encountered with the NTP
bioassay. One example was the nature of
equivocal calls. Because equivocal results
are uninformative, it is desirable to mini-
mize their occurrence. Furthermore, we
do not know how reproducible equivocal
results are, or for that matter, the repro-
ducibility of any of the NTP bioassay
results. It is likely that under ideal testing
circumstances, including the use of in-
creased numbers of animals and histo-
pathological sampling of tissues, chemicals
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giving equivocal results will be found to con-
sist of a mixture of negative, weak positive,
and uncertain carcinogens. The feasibility of
predicting equivocal bioassay results was dis-
cussed, but not resolved.
It was stated repeatedly that the predic-
tive process would benefit from further stud-
ies on the mechanisms ofcarcinogenesis. It
was suggested that we prioritize chemicals
for the rodent-bioassay not only on the basis
ofour need to know ifthey are carcinogens,
but also on their utility in providing mecha-
nistic insights. Of course, it would be of
great value to have data on the metabolism,
distribution, and bioavailability of each
chemical, as well as to know which chemi-
cals interact with cell receptors (plasma
membrane, cytosolic, nuclear) or induce a
stress response (heat shock proteins, reactive
oxygen species, inductions of cytochrome
P450s, etc.), which chemicals are inflamma-
tory or mitogenic, and which chemicals can
alterpatterns ofgene expression.
In summary, the predictions ofcarcino-
genicity by human experts were the most
accurate overall, apparently because they
used a broad range of information about
biological responses and chemical properties
to develop atotalweightofevidence foreach
prediction. Methods that were generally
based on more highly specialized informa-
tion such as molecular configuration or elec-
tronegativity did not fare as well. Despite
the different approaches, there was excellent
agreement among the predictions made for
some chemicals that produced unambiguous
bioassay results, whether for carcinogenic
chemicals like 2,3-dibromo-1-propanol and
3,3'-dimethylbenzidine or noncarcinogenic
chemicals like resorcinol and amphetamine
sulfate. The information currently available
from predictive systems can support deci-
sions involving testing priorities and the reg-
ulation ofchemicals.
The discipline of predicting chemical
toxicity and carcinogenesis is in its infancy.
However, progress has been made over the
past 5 years, and there is every reason to
believe that the development ofthis scientif-
ic discipline will continue. It is hoped that
the predictive process will improve the
methods for selecting test chemicals, lead to
a reduction in the use oflaboratory animals,
continue to protect the public health, and at
the same time encourage new approaches to
ourunderstanding ofthe mechanisms ofcar-
cinogenesis.
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